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[DOCUMENT NAME] SPECIFICATION 

[TITLE OF THE INVENTION] BAND GAP CIRCUIT 

[SCOPE OF CLAIM FOR PATENT] 

[Claim 1] A band gap circuit for generating an output 
5 voltage to output it from a circuit output terminal, which 
is connected to a power supply voltage and a reference 
potential, said band gap circuit comprising: 

a differential amplifier having an inverting input 
terminal, a noninverting input terminal, and an output 
10 terminal; 

a first circuit for causing a potential difference to 
occur at said inverting input terminal and said 
noninverting input terminal - responding to fluctuation of 
the voltage of said circuit output terminal; and 

15 a switching element for causing an excess current of 

said circuit output terminal to flow in said reference 
potential responding to fluctuation of the potential at 
said output terminal of said differential amplifier, said 
switching element being connected to said circuit output 

20 terminal and said reference potential and being directly 
connected to said output terminal of said differential 
amplifier . 

[Claim 2] The band gap circuit according to claim 1, said 
band gap circuit characterized in that a first element 
25 having a resistive component and a second element having a 
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capacitive component are connected, and that said first 
element and said second element remove power supply noise 
of said power supply voltage. 

[Claim 3] A band gap circuit for generating an output 
5 voltage to output it from a circuit output terminal, which 
is connected to a power supply voltage and a reference 
potential, said. band gap circuit comprising: 

a differential amplifier having an inverting input 
terminal, a noninverting input terminal, and an output 
10 terminal; 

a first circuit for causing a potential difference to 
occur at said inverting input terminal and said 
noninverting input terminal responding to fluctuation of 
the voltage of said circuit output terminal; and 

15 a switching element for causing an excess current of 

said circuit output terminal to flow in said reference 
potential responding to fluctuation of the potential at 
said output terminal of said differential amplifier, said 
switching element being connected to said circuit output 

20 terminal, said reference potential, and said output 
terminal of said differential amplifier, 

a first element having a resistive component, said 
first element being connected to said power supply voltage 
and said circuit output terminal; and 

25 a second element having a capacitive component, said 
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second element being connected to the above first element. 
[Claim 4] The band gap circuit according to one of claim 2 
and claim 3, said band gap circuit characterized in that 
said first element is a transistor. 
5 [Claim 5] The band gap circuit according to one of claim 2 
and claim 3, said band gap circuit characterized in that 
said second element is an ion implantation resistor. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

10 [APPLICABLE FIELD IN THE INDUSTRY] 

The present invention relates to a band gap circuit in 
which an operation is performed in a high-frequency region 
by employing a low-voltage power supply. 
[0002] 

15 [PRIOR ART] 

Conventionally , a semiconductor integrated circuit is 
provided with a reference voltage generation circuit for 
stably generating a reference voltage for use in a D/A 
converter etc. As to the reference voltage generation 

20 circuit, there is a band gap circuit in which a difference 
of a threshold voltage of a transistor is utilized. The 
band gap circuit prevents the semiconductor integrated 
circuit from malfunctioning due to the rising of the 
voltage that occurs at the time of introducing the power 

25 supply of the semiconductor integrated circuit, and 
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fluctuation etc. of a power supply voltage that occurs 
during the operation, and reduces power supply voltage 
dependency of the semiconductor integrated circuit. Also, 
this band gap circuit also generates the reference voltage 
5 stabilized against temperature to reduce temperature 
dependency of the reference voltage. 
[0003] 

In recent years, high speed processing of a logic 
circuit employing the low-voltage power supply has been 

10 performed, and the high-speed processing has been 

performed in the order of GHz. Power supply noise in 5% or 
something like this is actualized in performing the high- 
speed processing of the logic circuit employing the low- 
voltage power in such a manner, and the band gap circuit 

15 having an excellent PSRR (Power Supply Rejection Ratio) 

has been required more positively than it was required so 
far . 

[0004] 

As the band gap circuit that corresponds to the 
20 semiconductor integrated circuit to which the voltage is 
applied by the low-voltage power supply and which is 
driven at a high speed, are known a current-mirror band 
gap circuit employing a current mirror, a differential 
band gap circuit employing a differential amplifier, and 
25 the like, for example, as described in "A Precise On-Chip 
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Voltage Generator for a Gigascale DRAM with a Negative 
Word-Line Scheme", IEEE JOURNAL OF SOLID-STATE CIRCUITS. 
VOL. 34. NO. 8. AUGUST 1999. The current-mirror band gap 
circuit and the differential band gap circuit like this 
5 will be explained by referring to the accompanied drawings. 
[0005] 

As shown in Fig. 8, the current-mirror band gap 
circuit has a p-type transistor PI, a p-type transistor P2, 
an n-type transistor Nl, and an n-type transistor N2 . A p- 
10 type transistor P3 is connected between the n-type 
transistor N2 and the p-type transistor P2 in this 
current-mirror band gap circuit. 
[0006] 

Furthermore, as shown in Fig. 8, in this current- 
15 mirror band gap circuit, a resistor Rl and a diode D2 are 
connected between the n-type transistor N2 and a negative 
power supply. And, a resistor R2 and a diode D3 are 
connected between an output terminal VOUT and the negative 
power supply. Furthermore, the diode Dl is connected 
20 between the n-type transistor Nl and the negative power 
supply. Also, these resistors Rl and R2, and diodes D2 
and D3 have a function of discharging a current that 
transitionally flows into the output terminal VOUT at the 
time of introducing the power supply and of fluctuation 
25 thereof. 
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[0007] 

Fig. 9 is one example of a characteristic view 
illustrating power supply voltage dependency in the 
current-mirror band gap circuit. In Fig. 9, a power supply 
5 voltage VDD was set in a transverse axis, and a voltage of 
an output terminal VOUT in an axis of ordinates. As shown 
in Fig. 9, it is necessary to apply an input voltage VDD 
of at least approx. 1 . 5 V to an input terminal in 
operating the conventional current-mirror band gap circuit. 
10 At this time, the current-mirror band gap circuit operates 
with the output voltage VOUT thereof at approx. 1.25 V. 
[0008] 

Fig. 10 illustrates the conventional differential band 
gap circuit. As shown in Fig. 10, the differential band 

15 gap circuit has a differential amplifier to be configured 
of a pair of p-type transistors PI and P2, and a pair of 
n-type transistors Nl and N2 . This differential amplifier 
has the p-type transistor P3 connected between the p-type 
transistor P2 and the n-type transistor N2 thereof, and 

20 this p-type transistor P3 is connected to the output 
terminal VOUT. 
[0009] 

The resistor R2, and the resistor Rl and the diode Dl, 
which are connected between this resistor R2 and the 
25 ground, are connected to the output terminal VOUT in this 
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order. Also, as shown in Fig. 10, in addition to these 
resistors Rl and R2, and the diode Dl, the resistor R2 and 
the diode D2 are connected between the output terminal 
VOUT and the ground in this order. A noninverting terminal 
5 of the differential amplifier is connected between the 

resistor Rl and the resistor R2 , and an inverting terminal 
thereof is connected between the resistor R2 and the diode 
D2 . Also, in the differential band gap circuit, similarly 
to the current-mirror band gap circuit, the current, which 
10 flows into the output terminal VOUT, is discharged from 
the resistors Rl and R2, and the diodes Dl and D2 to be 
connected to the output terminal VOUT. 
[0010] 

Fig. 11 is one example of a characteristic view 
15 illustrating power supply voltage dependency in the 
differential band gap circuit. In Fig. 11, the power 
supply voltage VDD was set in a transverse axis, and the 
voltage of the output terminal VOUT in an axis of 
ordinates. As shown in Fig. 11, it is necessary to apply 
20 an input voltage VDD of at least approx. 1.25 V to the 

input terminal in operating the conventional differential 
band gap circuit. At this time, the conventional 
differential band gap circuit operates with the output 
voltage VOUT thereof at approx. 1.25 V. 
25 [0011] 
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In such a manner, in the differential band gap circuit, 
the operation can be stably performed at a lower power 
supply voltage than it can be performed in the current- 
mirror band gap circuit. For this, in the event of 
5 operating the logic circuit at a low power supply voltage, 
the differential band gap circuit is utilized more 
frequently than the current-mirror band gap circuit. 
Furthermore, the differential band gap circuit, which is 
higher in the PSRR in a high-frequency region than the 
10 current-mirror band gap circuit because a negative 

feedback is applied with the differential amplifier, is 
employed in operating the logic circuit etc. at a high 
speed. 

[0012] 

15 As mentioned before, in the conventional current- 

mirror band gap circuit and differential band gap circuit, 
the current that flows into the output terminal VOUT is 
discharged at the resistor and the diode. As it is, 
discharging ability of the resistor and the diode is poor 

20 in the conventional band gap circuit, whereby the current, 
which flows into the output terminal VOUT at the time of 
introducing the power supply and of fluctuation thereof, 
is impossible to discharge up. For this, the power supply 
rejection ratio (PSRR) lowers in the conventional band gap 

25 circuit. 
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[0013] 

Furthermore , in the conventional band gap circuit, 
being accompanied by development in low power consumption, 
the current that flows into the output terminal VOUT at 
5 the time of introducing the power supply and of 

fluctuation thereof is impossible to discharge up, whereby 
the problem exists that a stability time of the voltage at 
the output terminal VOUT at the time of starting is 
delayed and aggregated. 

10 [0014] 

A reference voltage generator for quickly raising the 
reference voltage at the time of introducing the power 
supply voltage was disclosed in JP-P2002-123325A. However, 
the band gap circuit of JP-P2002-123325A, which is an 

15 electronic control device to be used for controlling an 

engine and an automatic transmission of an automobile etc., 
is a reference voltage generator for generating the 
reference voltage necessary for making an A/D conversion 
etc . 

20 [0015] 

Also, there are many elements in the reference voltage 
generator of JP-P2002-123325A for the reason of its 
application, which are driven by employing a high-voltage 
power supply. For this, in the band gap apparatus of this 

25 reference voltage generator, in the event of driving the 
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semiconductor integrated circuit at a high speed with the 
lower-voltage power supply, it becomes very difficult. For 
example, the voltage of 1.5 V is applied for driving in 
the recent year's high-speed band gap circuit employing 
5 the low-voltage power supply. To the contrary, in the 
reference voltage generator of JP-P2002-123325A, the 
voltage of 7 to 8 V or something like this is applied to 
the band gap circuit for driving, whereby the reference 
voltage generator in JP-P2002-123325A is impossible to 
10 drive by means of the low-voltage power supply. 
[0016] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

In such a manner, in the conventional band gap circuit, 
the excess current that transitionally flows into the 

15 circuit output terminal is impossible to efficiently 

discharge in performing the operation at the low power 
supply voltage, whereby the problem existed that the PSRR 
lowered and furthermore the stability time of the voltage 
at the circuit output terminal was aggravated. 

20 [0017] 

The present invention has been accomplished so as to 
solve such problems, and an objective thereof is to 
provide the band gap circuit in which the excess current 
can be efficiently removed that transitionally sneaks into 

25 the circuit output terminal, the PSRR is enhanced, and the 
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stability time of the voltage at the circuit output 
terminal can be curtailed. 
[0018] 

[MEANS TO SOLVE THE PROBLEMS] 
5 The band gap circuit relating to the present invention 

that is a band gap circuit for generating an output 
voltage to output it from a circuit output terminal, which 
is connected to a power supply voltage and a reference 
potential, comprises a differential amplifier (for example, 

10 a differential amplifier to be configured of n-channel 

transistors N4 and N5, and p-channel transistors P6 and P7 
in embodiments of the present invention) having an 
inverting input terminal, a noninverting input terminal, 
and an output terminal; a first circuit (for example, a 

15 circuit to be configured of resistors Rl and R2, and 
diodes Dl and D2 in the embodiments of the present 
invention) for causing a potential difference to occur at 
said inverting input terminal and said noninverting input 
terminal responding to fluctuation of the voltage of said 

20 circuit output terminal; and a switching element (for 

example, an n-channel transistor N3 in the embodiments of 
the present invention) for causing the excess current of 
said circuit output terminal to flow in said reference 
potential responding to fluctuation of the potential at 

25 said output terminal of said differential amplifier, said 
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switching element being connected to said circuit output 
terminal and said reference potential and being directly 
connected to said output terminal of said differential 
amplifier. Such a configuration allows the excess current, 
5 which transitionally sneaks into the circuit output 
terminal, to be efficiently removed. 
[0019] 

Furthermore, the band gap circuit relating to the 
present invention has a first element (for example, a p- 

10 channel transistor P5 in the embodiments of the present 
invention) having a resistive component and a second 
element (for example, a resistor R2 in the embodiments of 
the present invention) having a capacitive component 
connected, wherein said first element and said second 

15 element remove power supply noise of said power supply 
voltage. This allows current noise of the power supply 
voltage to be removed, and the excess current, which 
transitionally sneaks into the circuit output terminal, to 
be removed surely. 

20 [0020] 

The band gap circuit relating to the present invention 
that is a band gap circuit for generating an output 
voltage to output it from a circuit output terminal, which 
is connected to a power supply voltage and a reference 

25 potential, said band gap circuit comprises: a differential 
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amplifier (for example,, a differential amplifier to be 
configured of n-channel transistors N4 and N5, and p- 
channel transistors P6 and P7 in the embodiments of the 
present invention) having an inverting input terminal, a 
5 noninverting input terminal, and an output terminal; a 

first circuit (for example, a circuit to be configured of 
resistors Rl and R2, and diodes Dl and D2 in the 
embodiments of the present invention) for causing a 
potential difference to occur at said inverting input 

10 terminal and said noninverting input terminal responding 
to fluctuation of the voltage of said circuit output 
terminal; a switching element (for example, an n-channel 
transistor N3 in the embodiments of the present invention) 
for causing an excess current of said circuit output 

15 terminal to flow in said reference potential responding to 
fluctuation of the potential at said output terminal of 
said differential amplifier, said switching element being 
connected to said circuit output terminal, said reference 
potential, and said output terminal of said differential 

20 amplifier; a first element (for example, a p-channel 

transistor P5 in the embodiments of the present invention) 
having a resistive component, said first element being 
connected to said power supply voltage and said circuit 
output terminal; and a second element (for example, a 

25 resistor R2 in the embodiments of the present invention) 
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having a capacitive component, said second element being 
connected to the above first element. Such a configuration 
allows the current noise of the power supply voltage to be 
removed, and the excess current, which transitionally 
5 sneaks into the circuit output terminal, to be removed 
surely and efficiently. 
[0021] 

Desirably, said first element is a transistor in the 
band gap circuit relating to the present invention. This 
10 allows the first element having the resistive component to 
be easily formed. 
[0022] 

Also, desirably, said second element is an ion 
implantation resistor in the band gap circuit relating to 
15 the present invention. This allows the power supply noise 
of the power supply voltage to be surely removed by 
employing parasitic capacity of the ion implantation 
resistor . 
[0023] 

20 [EMBODIMENTS OF THE INVENTION] 

Hereinafter, embodiments of the present invention will 
be explained by referring to the accompanied drawings. 
[0024] 

The band gap circuit having no low-pass filter, and 
25 the band gap circuit having the low-pass filter provided 
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will be explained in the embodiments of the present 
invention. Additionally, a MOSFET is employed for 
explanation in the embodiments of the present invention; 
however it is not limited to the MOSFET, and a unipolar 
5 transistor such as a MISFET and a JFET, and a bipolar 

transistor are also acceptable. Also, additionally, in the 
embodiments of the present invention, an enhancement-type 
field effect transistor is employed for explanation; 
however a depletion-type field effect transistor is also 
10 acceptable. 

[0025] 

Embodiment 1 of the invention 

In the embodiment 1 of the present invention 
(hereinafter, called the embodiment 1 for short) , the band 
15 gap circuit having no low-pass filter will be explained. 
[0026] 

At first, a configuration of the band gap circuit in 
the embodiment 1 will be explained by employing Fig. 1. 
Fig. 1 is a schematic circuit diagram illustrating one 

20 configuration example of the band gap circuit in the 

embodiment 1. As shown in Fig. 1, the band gap circuit in 
the embodiment 1 has the differential amplifier, and the 
n-channel transistor N3 connected to this differential 
amplifier. Additionally, hereinafter, the n-channel 

25 transistor is called an n-type transistor for short, and 
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the p-channel transistor called a p-type transistor. 
[0027] 

The differential amplifier is configured of a general 
op-amp. As shown in Fig. 1, the differential amplifier of 
5 the band gap circuit is configured of one pair of p-type 
transistors P6 and P7, and one pair of n-type transistors 
N4 and N5. 
[0028] 

A source of the n-type transistor N4 is earthed to the 
10 ground that becomes a reference potential, and a drain 

thereof is connected to the drain of the p-type transistor 
P6. Also, a gate of the n-type transistor N4 is connected 
to the gate of the n-type transistor N5 . Furthermore, the 
connection (diode connection) is made between the drain 
15 and the gate of the n-type transistor N4 . As to the n-type 
transistor N5, similarly to the n-type transistor N4, its 
source is earthed to the ground, and its drain is 
connected to the drain of the p-type transistor P7 . Also, 
the gate of the n-type transistor N5 is connected to the 
20 gate of the n-type transistor N4 . 
[0029] 

The drain of the p-type transistor P6 is connected to 
the drain of the n-type transistor N4, and the source 
thereof is connected to the power supply voltage VDD via a 
25 p-type transistor P14 . Also, as shown in Fig. 1, the gate 
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of the p-type transistor P6 is connected to the output 
terminal VOUT via the resistor R2 . As to the p-type 
transistor P7, similarly to the p-type transistor P6, its 
drain is connected to the drain of the n-type transistor 
5 N5, and its source is connected to the power supply 

voltage VDD via the p-type transistor P14 . Also, as shown 
in Fig. 1, the gate of the p-type transistor P7 is 
connected to the output terminal VOUT via the resister R2 . 
[0030] 

10 As shown in Fig. 1, the resistor R2 , the register Rl, 

and the diode Dl are connected between the output terminal 
VOUT and the ground in the order of their being located on 
the output terminal VOUT side. In addition hereto, the 
resistor R2 and the diode D2 are connected between the 

15 output terminal VOUT and the ground in the order of their 
being located on the output terminal VOUT side. 
[0031] 

A cathode of the diode Dl is earthed to the ground, 
and its anode is connected to the resistor Rl . The 

20 resistor Rl has one end thereof connected to the diode Dl, 
and the other connected to the resistor R2 and the gate of 
the p-type transistor P6. Also, the resistor R2 has one 
end thereof connected to the resistor Rl and the gate of 
the p-type transistor P6, and the other connected to the 

25 output terminal VOUT. 
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[0032] 

The cathode of the diode D2 is earthed to the ground, 
and its anode is connected to the resistor R2 and the gate 
of the p-type transistor PI. The resistor R2 has one end 
5 thereof connected to the resistor Rl and the gate of the 
p-type transistor P6, and the other connected to the 
output terminal VOUT. 
[0033] 

The resistors Rl and R2, and diodes Dl and D2 are 
10 connected between the output terminal VOUT and the ground 
in such a manner, and the gate of the p-type transistor P6 
functions as the noninverting input terminal of the 
differential amplifier. Together therewith, the gate of 
the p-type transistor P7 functions as the inverting input 
15 terminal of the differential amplifier. The differential 
amplifier, as a rule, performs the operation so that the 
noninverting input terminal and the inverting input 
terminal have the almost identical potential. This 
operation is utilized to cause the potential of the anode 
20 of the diode D2 and the potential of the resister Rl on 
the power supply side to become equal for generating the 
constant current. 
[0034] 

Also, the resister Rl and the resistor R2 are not 
25 limited to the general resistive element, but also can be 
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formed, for example, by employing the element having the 
resistive component such as the transistor- Also, the 
resister Rl and the resistor R2 should be an N well 
resistor formed on a substrate such as a silicon substrate. 
5 Herein, the so-called N well resistor is a diffused 

resistor wherein the parasitic capacity sticks between the 
substrate and an N well. Also, the so-called N well 
resistor is an ion implantation resistor having the N well 
formed, for example, by means of an ion implantation 
10 method. In the event of employing the N well resistor to 
form the resistors Rl and R2, they can be formed 
simultaneously in forming the other transistor, whereby 
the resister can be formed easily. 
[0035] 

15 As shown in Fig.l, the n-type transistor N3 is 

connected to the differential amplifier and to the output 
terminal VOUT . The gate of the n-type transistor N3 is 
connected between the n-type transistor N5 and the p-type 
transistor P7 of the differential amplifier, and is 

20 connected to respective drains of the n-type transistor N5 
and the p-type transistor P7 . Furthermore, the drain of 
the n-type transistor N3 is connected to the output 
terminal VOUT. Together therewith, the source of the n- 
type transistor N3 is connected to the ground. 

25 [0036] 
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The n-type transistor N3 has a function of absorbing a 
transitional sneak current that flows into the output 
terminal VOUT at the time of introducing the power supply 
and of fluctuation thereof with the negative feedback of 
5 the differential amplifier , which will be described later. 
That is, the n-type transistor N3 has a function of 
causing a sneak current of the output terminal VOUT to 
flow in the ground for removing it by the gate potential 
rising due to the feedback by the differential amplifier 

10 at the moment that the sneak current transitionally flows 
into the output terminal VOUT at the time of introducing 
the power supply and of fluctuation thereof. Herein, the 
so-called sneak current is an excess current that flows 
into the output terminal VOUT at the time of introducing 

15 the power supply and of fluctuation thereof. 
[0037] 

Additionally, in Fig. 1, the n-type transistor N3 was 
directly connected to the differential amplifier; however, 
the element may be caused to intervene between the n-type 

20 transistor N3 and the differential amplifier, which will 
be described later. Also, additionally, the n-type 
transistor N3 and the output terminal VOUT were directly 
connected; however if the sneak current that 
transitionally flows into the output terminal VOUT can be 

25 removed, the element may be caused to intervene between 
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the n-type transistor N3 and the output terminal VOUT. 
Desirably, the sneak current can be more easily caused to 
flow into the ground in the event that the element does 
not exist between the n-type transistor N3 and the output 
5 terminal VOUT than that it does exist, whereby the direct 
connection should be made between the n-type transistor N3 
and the output terminal VOUT. 
[0038] 

As a rule, in the band gap circuit utilizing an 

10 imaginary short of the differential amplifier like the 

band gap circuit of the embodiment 1, it is more desirable 
that no offset voltage of the differential amplifier 
exists than that it does exist. In the event of 
eliminating the offset voltage of the differential 

15 amplifier, respective source potentials and drain 

potentials of the p-type transistors P6 and P7 are caused 
to become almost identical. In Fig. 1, the drain potential 
of the p-type transistors P6 is equal to the potential 
between the source and the gate of the n-type transistor 

20 N4, and the drain potential of the p-type transistors P7 
is equal to the potential between the source and the gate 
of the n-type transistor N3. For this, when a dimension of 
the n-type transistor N3 is decided so that the potential 
between the source and the gate of the n-type transistor 

25 N4, and the potential between the source and the gate of 
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the n-type transistor N3 becomes equal, the offset voltage 
of the differential amplifier can be eliminated. 
[0039] 

In such a manner, when the dimension of the n-type 
5 transistor N3 is decided so that the potential between the 
source and the gate of the n-type transistor N4, and the 
potential between the source and the gate of the n-type 
transistor N3 becomes equal, the offset voltage of the 
differential amplifier can be eliminated. For this, by 

10 deciding only the dimension of the n-type transistor N3, 
the offset voltage of the differential amplifier can be 
eliminated easily. This allows the excellent band gap 
circuit that outputs the output voltage with high 
precision to be realized easily. 

15 [0040] 

Additionally, in Fig. 1, the gate of the p-type 
transistor N3 was directly connected between the n-type 
transistor N5 and the p-type transistors P7 of the 
differential amplifier; however it is not limited to this, 

20 and the element should be caused to intervene between the 
n-type transistor N3, and the n-type transistor N5 or the 
p-type transistor P7 . At this time, its element, which is 
caused to intervene, can be taken as an element having no 
influence upon deciding the dimension of the n-type 

25 transistor N3 as mentioned before. That is, even though 
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the element having no influence upon the dimension that 
decides the n-type transistor N3 is connected between the 
n-type transistor N3, and the n-type transistor N5 or the 
p-type transistor P7, if the dimension of the n-type 
5 transistor N3 can be decided as mentioned before, it is 
acceptable. In such a manner, it is included in the fact 
that the n-type transistor N3 in the present invention is 
directly connected to the differential amplifier that the 
element having no influence upon deciding the dimension of 
10 the n-type transistor N3 is caused to intervene. 
[0041] 

The p-type transistor P4 is connected to the output 
terminal VOUT . The output terminal VOUT is connected to 
the drain of the p-type transistor P4, and the source of 

15 the p-type transistor P4 is connected to the power supply 
voltage VDD. The gate of the p-type transistor P4, which 
is connected to the gate of the p-type transistor P14 and 
is connected to an output terminal Vbl of a constant 
current source 20 via the p-type transistor P14, has the 

20 current supplied. The p-type transistor P4 , of which the 
gate has the current from the constant current source 20 
supplied, turns on and off the gate. The p-type transistor 
P4 supplies the current from the power supply voltage VDD 
to the output terminal VOUT responding hereto. 

25 [0042] 
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As shown in Fig. 1, the p-type transistor P14 is 
connected to the constant current source 20 and the p-type 
transistor P4 . The p-type transistor P14 has the drain 
thereof connected to the differential amplifier, and the 
5 source connected to the power supply voltage VDD. And, the 
p-type transistor P14, of which the gate is connected to 
the p-type transistor P4, is connected to the output 
terminal Vbl of the constant current source 20. The p-type 
transistor P14, of which the gate has the current from the 

10 constant current source 20 supplied, turns on and off the 
gate. The p-type transistor P14 supplies the current from 
the power supply voltage VDD to the differential amplifier 
responding hereto. Also, as shown in Fig. 1, a p-type 
transistor P24 within the constant current source 20 to be 

15 described later, the p-type transistor P4, and the p-type 
transistor P14 configure the current mirror circuit. 
[0043] 

Additionally, in Fig. 1, the p-type transistor P14 was 
connected to the differential amplifier; however the p- 

20 type transistors 15 should be cascaded to the p-type 

transistor P14 to make the connection to the differential 
amplifier. This allows the deviation of the power supply 
current to be supplied to the differential amplifier to be 
reduced, and the stabilized current to be supplied to the 

25 differential amplifier. 
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[0044] 

The constant current source 20 is configured of a 
direct-current power supply 21 and the p-type transistor 
P24. The direct-current power supply 21 has one end 
5 thereof earthed to the ground, and the other connected to 
the drain of the p-type transistor P24. Also, the source 
of the p-type transistor P24 is connected to the power 
supply voltage VDD, and the drain thereof is connected to 
the direct-current power supply 21. The gate of the p-type 

10 transistor P24 is connected to the output terminal Vbl of 
the constant current source 20, and is connected to the 
gates of the p-type transistors P4 and P14 via the output 
terminal Vbl of the constant current source 20. Also, the 
p-type transistor P24 has the connection (diode 

15 connection) made between the drain and the gate thereof. 
Additionally, as mentioned before, in the event of 
cascading the p-type transistor P15 to the p-type 
transistor P14 for making the connection to the 
differential amplifier, the constant current source 20 is 

20 configured so that these p-type transistors turn on and 
off the gates simultaneously. 
[0045] 

Next, an operation of the band gap circuit of the 
embodiment 1 will be explained by employing Fig. 1. Herein, 
25 since the differential amplifier performs the operation 
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similarly to the conventional differential amplifier, its 
explanation is omitted. When the transitional sneak 
current does not occur by the introduction of the power 
supply, and the fluctuation thereof etc., the inverting 
5 input terminal and the noninverting input terminal of the 
differential amplifier perform the operation at almost the 
same potential similarly to the conventional band gap 
circuit. The potentials of the gates of the p-type 
transistors P6 and P7 are kept at almost the same 
10 potential. For this, the constant current flows in the n- 
type transistor N3 without varying in the gate potential 
of the n-type transistor N3. 
[0046] 

To the contrary, when the transitional sneak current 
15 occurs due to the introduction of the power supply and the 
fluctuation thereof etc., being accompanied by its 
occurrence, the output voltage of the output terminal VOUT, 
and the gate potentials of the p-type transistors P6 and 
P7 also fluctuate similarly. At this time, as compared 
20 with the gate potential of the p-type transistor P7, the 
gate potential of the p-type transistor P6 fluctuates 
largely when the sneak current flows because it has the 
resistor Rl in a relation of an equation (A) described 
below . 

25 R X A I = A V (R: resistor, Al: sneak current, 



- 27 - 



and AV: potential fluctuation) : (A) 
[0047] 

Due to the fluctuation of the gate potential of this 
p-type transistors P6 and P7, the drain current of the p- 
5 type transistor P6 decrease and the drain current of the 
p-type transistor P7 increase. Together therewith, when 
the drain current of the p-type transistor P6 decreases, 
the n-type transistor N4 acts as an active resistor, 
whereby the gate potential of the n-type transistor N4 
10 lowers. Also, when the drain current of the p-type 

transistor P7 increases, the n-type transistor N5 also 
acts as an active resistor, whereby the gate potential of 
the n-type transistor N3 rises. 
[0048] 

15 And, when the gate potential of the n-type transistor 

N3 rises, the drain current of the n-type transistor N3 
also increases, and the negative feedback results in being 
applied to the differential amplifier, thus causing the 
current to flow between the output terminal VOUT and the 

20 n-type transistor N3. Thereby, the n-type transistor N3 

causes the sneak current, which transitionally flowed into 
the output terminal VOUT, to flow in the ground. 
[0049] 

When the n-type transistor N3 causes the sneak current 
25 of the output terminal VOUT to flow in the ground, the 
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potential of the output terminal VOUT lowers. Being 
accompanied thereby, the potential difference between the 
inverting input terminal and the noninverting input 
terminal of the differential amplifier, which occurred due 
5 to the fluctuation of the output terminal VOUT, disappears. 
And each transistor, the inverting input terminal, the 
noninverting input terminal of the differential amplifier, 
and the n-type transistor N3 reach a state of equilibrium. 
Herein, the so-called state of equilibrium represents that 
10 they are at the same potential as an input bias potential. 
[0050] 

In such a manner, in the band gap circuit of the 
embodiment 1, the sneak current of the output terminal 
VOUT can be caused to flow in the ground via the n-type 

15 transistor N3 for efficiently removing it. Furthermore, in 
the band gap circuit of the embodiment 1, by deciding only 
the dimension of the n-type transistor N3, the sneak 
current of the output terminal VOUT can be caused to flow 
in the ground for removing it efficiently and easily. Also, 

20 in the band gap circuit of the embodiment 1, the n-type 
transistor N3 can be connected to the differential 
amplifier to remove the sneak current efficiently and 
easily without greatly increasing the number of the 
element for removing the sneak current. For this, it 

25 becomes possible that the current that sneaks into the 
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output terminal VOUT is efficiently and easily removed, 
while the low-voltage power supply is employed for driving 
at a high speed. 
[0051] 

5 Fig. 4, Fig. 5, and Fig. 6 are employed to compare the 

operation of the band gap circuit of the embodiment 1 with 
the operation of the conventional differential band gap 
circuit. Fig. 4 is one example of the characteristic view 
illustrating the comparison result of the PSRR relative to 

10 the frequency between the band gap circuit in the 

embodiment of the present invention and the conventional 
band gap circuit. Fig. 5 is one example of the 
characteristic view illustrating the power supply voltage 
dependency associated with the conventional band gap 

15 circuit. Fig. 6 is one example of the characteristic view 
illustrating the power supply voltage dependency of the 
band gap circuit in the embodiment 1. Additionally, herein, 
the foregoing differential band gap circuit was employed 
as the conventional band gap circuit. 

20 [0052] 

As shown in Fig. 4, in the conventional band gap 
circuit, when the frequency of the voltage to be applied 
to the logic circuit is varied from a low frequency to a 
high frequency for applying the voltage, the negative 

25 feedback ability of the differential amplifier lowers, 
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whereby the PSRR lowers with the frequency of 100 Hz to 1 
KHz or something like this at a watershed. Herein, in Fig. 
4, the voltage of the power supply is 1.5 V that is 
applied to the band gap circuit. And, after the PSRR began 
5 to lower with the frequency of 100 Hz to 1 KHz or 

something like this at a watershed, the PSRR is stabilized 
with the frequency of 1 MHz to 100 MHz or something like 
this at a watershed. The value of the PSRR stabilized at 
this time becomes 0 dB to 10 dB or something like this. 
10 That is, in the event of employing the conventional band 
gap circuit to operate the logic circuit at a high speed 
in the order of GHz, it operates at the PSRR of 0 dB to 10 
dB or something like this. 
[0053] 

15 In the band gap circuit of the embodiment 1, as shown 

in Fig. 4, when the frequency of the power supply voltage 
VDD of 1.5 V to be applied to the logic circuit is varied 
from the low frequency to the high frequency for applying 
the voltage, the negative feedback ability of the 

20 differential amplifier lowers similarly to the 

conventional band gap circuit, whereby the PSRR lowers 
with the frequency of 100 Hz to 1 KHz or something like 
this at a watershed. 
[0054] 

25 In the band gap circuit of the embodiment 1, the n- 
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type transistor N3 connected to the differential amplifier 
causes the transitional sneak current, which flows into 
the output terminal VOUT, to flow in the ground. For this, 
the PSRR in the band gap circuit of the embodiment 1 can 
5 be constantly kept at a high value as compared with the 
PSRR in the conventional band gap circuit. In particular, 
in the band gap circuit of the embodiment 1, the n-type 
transistor N3 causes the sneak current to flow in the 
ground at the time of introducing the power supply, 
10 whereby the PSRR can be kept at higher value than that of 
the conventional band gap circuit immediately after 
introducing the power supply. 
[0055] 

And, after the PSRR began to lower with the frequency 
15 of 100 Hz to 1 KHz or something like this at a watershed, 
it is stabilized. At this time, at the moment that the 
PSRR lowers, the PSRR of the band gap circuit of the 
embodiment 1 lowers by a higher value than that of the 
conventional band gap circuit, and begins to be stabilized 
20 with the frequency of 1 MHz to 100 MHz or something like 

this at a watershed. The PSRR after stabilization is 10 dB 
to 20 dB or something like this because the PSRR in the 
band gap circuit of the embodiment 1 is constantly kept at 
a high value as compared with that of the conventional 
25 band gap circuit, which is higher than that of the 
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conventional band gap circuit . 
[0056] 

In such a manner, in the band gap circuit of the 
embodiment 1, the n-type transistor N3 connected to the 
5 differential amplifier functions, being accompanied by the 
introduction of the power supply, whereby, immediately 
after introducing the power supply, the transitional sneak 
current into the output terminal VOUT can be efficiently 
removed by causing it to flow in the ground by the n-type 

10 transistor N3. This allows the value of the PSRR of the 
band gap circuit to be constantly kept at a high value, 
whereby the PSRR can be enhanced in the high-frequency 
region in the order of GHz, even in the event of operating 
the logic circuit at a high speed in the order of GHz. 

15 [0057] 

Furthermore, as shown in Fig. 4, in the band gap 
circuit of the embodiment 1, differently from the 
conventional band gap circuit, at the moment that the PSRR 
lowers due to a decline in the feedback ability of the 

20 differential amplifier, the n-type transistor N3 functions, 
being accompanied by the introduction of the power supply, 
whereby the PSRR lowers while it is kept at a high value, 
and comes into a stable condition. This allows not only 
the PSRR of the high-frequency region, but also the PSRR 

25 in the low-frequency region and the intermediate-frequency 
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region to be maintained at a high value. 
[0058] 

Fig. 5 (a) illustrates the output voltage for a time 
series at the output terminal VOUT of the conventional 
5 band gap circuit. Fig. 5 (b) illustrates the drain current 
for a time series of the p-type transistor P3 in having 
applied the power supply voltage VDD to the band gap 
circuit of the embodiment 1. This represents an impulse 
response of the output terminal VOUT to the power supply 
10 voltage VDD in the band gap circuit of the embodiment. 
[0059] 

Fig. 6 (a) is one example of the characteristic view 
illustrating the output voltage relative to a time series 
at the output terminal VOUT in the band gap circuit of the 

15 embodiment 1. Fig. 6 (b) is one example of the 

characteristic view illustrating the drain current of the 
p-type transistor P4 relative to a time series in having 
applied the power supply voltage VDD to the band gap 
circuit of the embodiment 1. This represents an impulse 

20 response of the output terminal VOUT to the power supply 
voltage VDD in the band gap circuit of the embodiment 1. 
Fig. 6 (c) illustrates the drain current of the n-type 
transistor N3 relative to a time series in having applied 
the power supply voltage VDD to the band gap circuit of 

25 the embodiment 1. Additionally, herein, the foregoing 
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differential band gap circuit was employed as the 
conventional band gap circuit. 
[0060] 

In the conventional band gap circuit, when the power 
5 supply is introduced into the band gap circuit, the drain 
current flows in the p-type transistor P3 . At this time, 
as shown in Fig. 5 (b) , by accompanied by the introduction 
of the power supply, the drain current of the p-type 
transistor P3 is raised. And, the current flows in the 

10 output terminal VOUT due to the drain current of the p- 
type transistor P3 . As shown in Fig. 5 (a), the 
transitional sneak current at the time of introducing the 
power supply flows into the output terminal VOUT, thereby, 
causing the voltage of the output terminal VOUT to rise. 

15 [0061] 

When the voltage of the output terminal VOUT rises, 
the sneak current is discharged at the resistors Rl and R2, 
and the diodes Dl and D2 . As shown in Fig. 5 (a), when the 
sneak current is discharged by the resistors Rl and R2, 

20 and the diodes Dl and D2 etc. and is reduced, the voltage 
of the output terminal VOUT lowers and then is stabilized. 
Together therewith, as shown in Fig. 5 (b) , the drain 
current of the p-type transistor P3 lowers and then is 
stabilized. 

25 [0062] 
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In such a manner, in the conventional band gap circuit, 
the resistor and the diode that discharge the sneak 
current that flows into the output terminal VOUT, as a 
rule, are poor in the discharging ability, whereby the 
voltage of the output terminal VOUT rises at the time of 
introducing the power supply. Furthermore, the discharging 
ability of the resistor and the diode is poor, whereby the 
resistor and the diode can discharge the drain current 
only gradually, and the stability time by which the output 
terminal is stabilized is extended. 

[0063] 

In the band gap circuit of the embodiment 1, when the 
power supply is introduced into the band gap circuit, the 
drain current flows in the p-type transistor P4 . And, the 
current flows in the output terminal VOUT due to the drain 
current of the p-type transistor P4 . At this time, the 
gate potential of the n-type transistor N3 rises due to 
the potential fluctuation of the output terminal VOUT, 
thus causing the sneak current, which transitionally flows 
into the output terminal VOUT, to flow in the drain of the 
n-type transistor N3, and then in the ground. For this, as 
shown in Fig. 6(c), the drain current of the n-type 
transistor N3 steeply rises. 

[0064] 

When the sneak current is caused to flow in the ground 
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by .the n-type transistor N3, as shown in Fig. 6 (b) , the 
drain current of the p-type transistor P4 is gently 
stabilized and becomes a constant current without rising. 
Being accompanied thereby, as shown in Fig. 6(a), the 
5 voltage of the output terminal VOUT is stabilized without 
rising . 

[0065] 

In such a manner, in the band gap circuit of the 
embodiment 1, the transitional sneak current that flows 

10 into the output terminal VOUT is caused to flow in the 

ground by the n-type transistor N3, whereby the voltage of 
the output terminal VOUT is stabilized at a constant 
voltage without rising at the time of introducing the 
power supply. This allows the stability time by which the 

15 voltage of the output terminal VOUT is stabilized to be 

curtailed, and the band gap circuit suitable for the high- 
speed operation to be obtained. 
[0066] 

As mentioned above, in the band gap circuit of the 
2 0 embodiment 1 , the transitional sneak current , which flows 
into the output terminal VOUT at the time of introducing 
the power supply and of fluctuation thereof, is caused to 
flow in the ground immediately by the n-type transistor N3 
connected to the differential amplifier. This allows the 
25 sneak current, which occurs due to the introduction of the 

i 
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power supply and to the fluctuation thereof, to be removed 
efficiently. 
[0067] 

Furthermore, in the band gap circuit of the embodiment 
5 1, the n-type transistor N3 connected to the differential 
amplifier causes the sneak current, which transitionally 
flows into the output terminal VOUT at the time of 
introducing the power supply and of fluctuation thereof, 
to flow in the ground efficiently, whereby the stability 

10 time by which the voltage of the output terminal VOUT is 
stabilized can be curtailed. This allows the band gap 
circuit suitable for the high-speed operation to be 
configured, and the band gap circuit having a short 
stability time and a high PSRR to be realized. 

15 [0068] 

Furthermore, also, in the band gap circuit of the 
embodiment 1, by deciding the dimension of the n-type 
transistor N3, the offset voltage of the differential 
amplifier can be easily eliminated. For this, the offset 

20 voltage of the differential amplifier can be easily 

eliminated to easily operate the differential amplifier in 
a good condition. This allows the band gap circuit, which 
has a short stability time and a high PSRR, and yet 
outputs the output voltage with high precision, to be 

25 realized easily. 
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[0069] 

And, in the band gap circuit of the embodiment 1, the 
n-type transistor N3 can be connected to the differential 
amplifier to efficiently and easily remove the sneak 
5 current without increasing the number of the element for 
removing the sneak current. For this, it becomes possible 
to efficiently and easily remove the current that sneaks 
into the output terminal VOUT, and to employ the low- 
voltage power supply for driving at a high speed. 

10 [0070] 

The embodiment 2 of the invention 

In the embodiment 2 of the invention (hereinafter, 
called the embodiment 2 for short) , the band gap circuit 
having a low-pass filter provided will be explained. 

15 [0071] 

At first, a configuration of the band gap circuit in 
the embodiment 2 will be explained by employing Fig. 2. 
Fig. 2 is a schematic circuit diagram illustrating one 
configuration example of the band gap circuit in the 

20 embodiment 2. As shown in Fig. 2, the band gap circuit in 
the embodiment 2 is configured similarly to the band gap 
circuit in the embodiment 1. And, the band gap circuit in 
the embodiment 2 has the p-type transistor P5 further 
connected between the output terminal VOUT of the band gap 

25 circuit and the p-type transistor P4 . Additionally, herein, 
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is omitted the explanation on the differential amplifier, 
the n-type transistor N3, the p-type transistor P4, etc. 
that are similar to that of the embodiment 1. 
[0072] 

5 The p-type transistor P5 has the drain thereof 

connected to the output terminal VOUT, and the source 
connected to the drain of the p-type transistor P4 . The 
drain of the p-type transistor P4 was connected to the 
output terminal VOUT in the band gap circuit in the 

10 embodiment 1; however it is connected to the source of the 
p-type transistor P5 in the band gap circuit of the 
embodiment 2. Furthermore, as shown in Fig. 2, the p-type 
transistor P5 is connected to the output terminal VOUT, 
and is connected to the resistor R2 via the output 

15 terminal VOUT. 
[0073] 

As shown in Fig. 2, the gate of the p-type transistor 
P5 is connected to an output terminal Vb2 of a constant 
current source 20a via the p-type transistor P15. The p- 

20 type transistor P5, of which the gate has the current from 
the constant current source 20a supplied, turns on and off 
the gate. Responding hereto, the p-type transistor P5 
supplies the current from the power supply voltage VDD to 
the output terminal VOUT. At the same time that each gate 

25 of the p-type transistors P4 and P5 receives the current 
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supplied from the constant current source 20a, it is 
turned on and off to output the current from the power 
supply voltage VDD to the output terminal VOUT\ 
[0074] 

5 The constant current source 20a, to which the gate of 

the p-type transistor P5 is connected, is configured 
similarly to that of the embodiment 1. The constant 
•current source 20a of the embodiment 2 has a direct- 
current power supply 21, a p-type transistor P24, and 

10 further has a p-type transistor P25 to be connected to the 
p-type transistor P5. The p-type transistor P25 has the 
drain thereof connected to the direct-current power supply 
21, and the source connected to the drain of the p-type 
transistor P24. The drain of the p-type transistor P24 was 

15 connected to the direct-current power supply 21 in the 
band gap circuit of the embodiment 1; however it is 
connected to the source of the p-type transistor P25 in 
the band gap circuit of the embodiment 2. Also, the p-type 
transistor P25 has the connection (diode connection) made 

20 between the drain and the gate thereof similarly to the p- 
type transistor P24. 
[0075] 

The gate of the p-type transistor P25 is connected to 
the output terminal Vb2 of the constant current source 20a, 
25 and is connected to the gate of the p-type transistor P5 
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via the output terminal Vb2 . Together therewith, the gate 
of the p-type transistor P25 is connected to the gate of 
the p-type transistor P15. And, the gate of the p-type 
transistor P24 is connected to the output terminal Vbl of 
5 the constant current source 20a, and is connected to both 
gates of the p-type transistors P4 and P14 via the output 
terminal Vbl. Additionally, the p-type transistor P24 of 
the constant current source 20a is connected to the p-type 
transistors P14 and P4 to configure the current mirror. 
10 Also, the p-type transistor P25 of the constant current 
source 20a is cascaded to the p-type transistors P15 and 
P5. 

[0076] 

In fig. 2, the p-type transistor P15 is connected to 
15 the differential amplifier. The p-type transistor P15 is 
cascaded to the p-type transistor P14, and both are 
connected in series between the differential amplifier and 
the power supply voltage VDD. The source of the p-type 
transistor P15 is connected to the drain of the p-type 
20 transistor P14, and the drain thereof is connected to the 
differential amplifier. The drain of this p-type 
transistor P15 is connected to the source of the p-type 
transistors P6 and P7 of the differential amplifier. 
Furthermore, the gate of the p-type transistor P15 is 
25 connected to the gate of the p-type transistor P5, and is 
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connected to the output terminal Vb2 of the constant 
current source 20a. At the same time that each gate of the 
p-type transistors P14 and P15 receives the current 
supplied from the constant current source 20a, it is 
5 turned on and off to supply the current from the power 
supply voltage VDD to the differential amplifier. 
[0077] 

As shown in Fig. 2, in the event that the p-type 
transistors P14 and P15 were cascaded for making the 
10 connection to the differential amplifier, the current can 
be supplied to the differential amplifier in a good 
condition, and the differential amplifier can be operated 
accurately . 
[0078] 

15 In the band gap circuit of the embodiment 2, as shown 

in Fig. 2, the p-type transistor P5, and the resistor R2 
on the output terminal VOUT side are connected via the 
output terminal VOUT. This allows the p-type transistor P5, 
and the resistor R2 on the output terminal VOUT side to 

20 function as a low-pass filter. The low-pass filter is 
configured of the p-type transistor P5 having the 
resistive component, and the resistor R2 having the 
capacitive component . 
[0079] 

25 For example, in the band gap circuit of the embodiment 
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2, the p-type transistor P5 is capable of functioning as a 
resistive element having the resistive component that 
corresponded to a decline in the voltage between the 
source and the drain of the p-type transistor P5 . Also, in 
5 the event that the resistor R2 on the output terminal VOUT 
side is an N well resistor formed on the substrate such as 
the p-type silicon substrate, the resistor R2 functions as 
a capacitive element having the capacitive component that 
corresponded to the parasitic capacity that sticks between 
10 the substrate and the N well. 
[0080] 

Herein, the so-called N well resistor is a diffused 
resistor wherein the parasitic capacity sticks between the 
substrate and the N well, and also is an ion implantation 

15 resistor having the N well formed, for example, by means 

of the ion implantation method. For this, by employing the 
N well formed by means of the ion implantation method etc. 
as the resistor R2 on the output terminal VOUT side, the 
low-pass filter can be configured. In the event of 

20 employing the N well resistor to form the resistor R2 in 
such a manner, it can be formed simultaneously in forming 
the other transistor, and the resistor having the 
capacitive component can be formed easily. 
[0081] 

25 Also, as a rule, when a gate length of the p-type 
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transistor P5 is lengthened, as shown in Fig. 3, the 
current characteristic of the source-drain can be 
stabilized, and the situation can be extended in which the 
current is kept constant against the voltage. And, by 
5 lengthening the gate length of the p-type transistor P5, 
it can be employed as a resistive element having the 
resistive component. For this, in the event of configuring 
the low-pass filter of the p-type transistor P5 and the 
resistor R2 on the output terminal VOUT side, the gate 
10 length of the p-type transistor P5 is desirably lengthened. 
As one example, the gate length of the p-type transistor 
P5 is preferably taken as 2 jjl m or more. 
[0082] 

In such a manner, by employing the N well resistor for 
15 the resistor R2 on the output terminal VOUT side, the 

parasitic capacity can be positively utilized to configure 
the low-pass filter that removes the noise having the 
frequency higher than a certain level. This allows the 
power supply noise of the high-frequency region to be 
20 included in the current from the power supply voltage VDD 
to be surely removed in the band gap circuit of the 
embodiment 2 . 
[0083] 

Additionally, the p-type transistor P5 was provided 
25 for configuring the low-pass filter in the band gap 
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circuit of the embodiment 2; however it is not limited to 
this, and the element having the resistive component such 
as the transistor and the resistor is acceptable. By 
employing the p-type transistor P5 as the element having 
5 the resistive component like it is employed in the band 
gap circuit of the embodiment 2, the element having the 
resistive component can be formed easily and efficiently. 
Also, since the p-type transistor P5 of the band gap 
circuit of the embodiment 2 requires a large resistance 
10 value in 1 MQ or more, the transistor is preferably 

employed as the element having the resistive component. 
[0084] 

Also, additionally, the resistor R2 on the output 
terminal VOUT side was taken as the N well resistor for 

15 configuring the low-pass filter in the band gap circuit of 
the embodiment 2; however it is not limited to this, and 
the element having the parasitic resistance and the 
element having the capacitive component such as the 
capacity are acceptable. Or, the element having the 

20 capacitive component may be provided between the output 
terminal VOUT and the resistor R2 on the output terminal 
VOUT side in addition to the resistor R2 . Also, or, the 
low-pass filter may be configured by taking the resistor 
R2 on the p-type transistor P5 side as the N well resistor. 

25 By employing the resistor R2 having the parasitic 
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resistance as the element having the capacitive component 
like it is employed in the band gap circuit of the 
embodiment 1, the element having the capacitive component 
can be formed easily and efficiently. Furthermore, by 
5 employing the resistor R2 having the parasitic resistance 
for both of the resistors R2 on the output terminal VOUT 
side and on the p-type transistor P5 side, the function as 
the low-pass filter can be enhanced. 
[0085] 

10 The operation of the band gap circuit of the 

embodiment 2 will be explained. The operation is performed 
in the band gap circuit of the embodiment 2 similarly to 
the band gap circuit of the embodiment 1. As mentioned 
before, in the band gap circuit of the embodiment 2, the 

15 p-type transistor P5 is connected between the output 
terminal VOUT of the band gap circuit and the p-type 
transistor P4 to configure the low-pass filter of the p- 
type transistor P5 and the resistor R2 on the output 
terminal VOUT side. For this, at the moment that the power 

20 supply voltage VDD was supplied, the power supply noise is 
removed with this low-pass filter. Additionally, herein, 
since the operation is performed in the band gap circuit 
of the embodiment 2 similarly to the band gap circuit of 
the embodiment 1, its explanation is omitted. 

25 [0086] 
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The operation of the band gap circuit of the 
embodiment 2 is compared with that of the conventional 
differential band gap circuit by employing Fig. 4, Fig. 5, 
and Fig. 7. Fig. 4 is one example of the characteristic 
5 view illustrating the comparison result of the PSRR 

relative to the frequency between the band gap circuit in 
the embodiment of the present invention and the 
conventional band gap circuit. Fig. 5 is one example of 
the characteristic view illustrating the power supply 

10 voltage dependency associated with the conventional band 
gap circuit. Fig. 7 is one example of the characteristic 
view illustrating the power supply voltage dependency of 
the band gap circuit in the embodiment 2. Additionally, 
herein, the foregoing differential band gap circuit was 

15 employed as the conventional band gap circuit. 
[0087] 

As shown in Fig. 4, in the conventional band gap 
circuit, when the frequency of the voltage to be applied 
to the logic circuit is varied from the low frequency to 

20 the high frequency for applying the voltage, the negative 
feedback ability of the differential amplifier lowers, 
whereby the PSRR lowers with the frequency of 100 Hz to 1 
KHz or something like this at a watershed. Herein, in Fig. 
4, the voltage of the power supply is 1.5V that is 

25 applied to the band gap circuit. And, after the PSRR began 
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to lower with the frequency of 100 Hz to 1 KHz or 
something like this at a watershed, it is stabilized with 
the frequency of 1 MHz to 100 MHz or something like this 
at a watershed. The value of the PSRR stabilized at this 
5 time becomes 0 dB to 10 dB or something like this. That is, 
in the event of employing the conventional band gap 
circuit to operate the logic circuit at a high speed in 
the order of GHz, it operates at the PSRR of 0 dB to 10 dB 
or something like this. 

10 [0088] 

In the band gap circuit of the embodiment 2, as shown 
in Fig. 4, when the frequency of the power supply voltage 
VDD of 1.5 V to be applied to the logic circuit is varied 
from the low frequency to the high frequency for applying 

15 the voltage, the negative feedback ability of the 
differential amplifier lowers similarly to the 
conventional band gap circuit, whereby the PSRR lowers 
with the frequency of 100 Hz to 1 KHz or something like 
this at a watershed. 

20 [0089] 

In the band gap circuit of the embodiment 2, similar 
to the band gap circuit of the embodiment 1, the n-type 
transistor N3 connected to the differential amplifier 
causes the transitional sneak current, which flows into 

25 the input terminal VOUT, to flow in the ground. For this, 
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the PSRR in the band gap circuit of the embodiment 2 can 
be constantly kept at a high value as compared with the 
PSRR in the conventional band gap circuit. In particular , 
in the band gap circuit of the embodiment 2, the n-type 
5 transistor N3 causes the sneak current to flow in the 
ground at the time of introducing the power supply, 
whereby the PSRR higher than that of the conventional band 
gap circuit can be realized immediately after introducing 
the power supply. 

10 [0090] 

And, after the PSR^R began to lower with the frequency 
of 100 Hz to 1 KHz or something like this at a watershed, 
the PSRR is stabilized. At this time, similarly to the 
band gap circuit of the embodiment 1, at the moment that 

15 the PSRR lowers, it lowers by a higher value than that of 
the conventional band gap circuit, and begins to be 
stabilized with the frequency of 1 MHz to 100 MHz or 
something like this at a watershed. 
[0091] 

20 Furthermore, in the band gap circuit of the embodiment 

2, the low-pass filter for removing the power supply noise 
in. the high-frequency region of the power supply voltage 
VDD is configured of the p-type transistor P5 and the 
resistor R2 of the output terminal VOUT . For this, 

25 differently from the PSRR of the conventional band gap 
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circuit, and the band gap circuit of the embodiment 1, at 
the moment that the PSRR is stabilized after it lowered, 
the PSRR in the band gap circuit of the embodiment 2 
gently rises. The PSRR after stabilization becomes 20 dB 
5 to 30 dB or something like this because the PSRR in the 

band gap circuit of the embodiment 2 is constantly kept at 
a higher value than that of the conventional band gap 
circuit, which is a higher value than that of the 
conventional band gap circuit. 

10 [0092] 

In such a manner, in the band gap circuit of the 
embodiment 2, similarly to the band gap circuit of the 
embodiment 1, the n-type transistor N3 connected to the 
differential amplifier functions, being accompanied by the 

15 introduction of the power supply, whereby the transitional 
sneak current into the output terminal VOUT can be 
efficiently removed by causing it to flow in the ground by 
the n-type transistor N3 immediately after introduction of 
the power supply. This allows the value of the PSRR of the 

20 band gap circuit to be constantly kept at a high value, 
whereby the PSRR can be enhanced in the high-frequency 
region in the order of GHz, even in the event of operating 
the logic circuit at a high speed in the order of GHz. 
[0093] 

25 As shown in Fig. 4, in the band gap circuit of the 



embodiment 2, differently from the band gap circuit of the 
embodiment 1, the n-type transistor N3 is connected to the 
differential amplifier, and the p-type transistor P5 is 
connected to the output terminal VOUT. The low-pass filter 
to be connected to the power supply voltage VDD is 
configured of this p-type transistor P5 and resistor R2 on 
the output terminal VOUT side, thus allowing the current 
noise, which is apt to occur in the high-frequency region, 
to be surely removed. For this, it becomes possible that 
the PSRR is raised in the high-frequency region for 
stabilizing it at a higher value than that of the case of 
the embodiment 1 . 
[0094] 

Fig. 7 (a) is one example of the characteristic view 
illustrating the output voltage relative to a time series 
at the output terminal VOUT in the band gap circuit of the 
embodiment 2. Fig. 7 (b) is one example of the 
characteristic view illustrating the drain current of the 
p-type transistor P5 relative to a time series in having 
applied the power supply voltage VDD to the band gap 
circuit of the embodiment 2. This represents the impulse 
response of the output terminal VOUT to the power supply 
voltage VDD in the band gap circuit of the embodiment 2. 
Fig. 7 (c) illustrates the drain current of the n-type 
transistor N3 relative to a time series in having applied 



- 52 - 



the power supply voltage VDD to the band gap circuit of 
the embodiment 2. Additionally , herein, the foregoing 
differential band gap circuit was employed as the 
conventional band gap circuit. 
5 [0095] 

In the conventional band gap circuit, when the power 
supply is introduced into the band gap circuit, the drain 
current flows in the p-type transistor P3. At this time, 
as shown in Fig. 5 (b) , being accompanied by the 

10 introduction of the power supply, the drain current of the 
p-type transistor P3 is raised. And, the current flows in 
the output terminal VOUT due to the drain current of the 
p-type transistor P3 . As shown in Fig. 5 (a), the 
transitional sneak current at the time of introducing the 

15 power supply flows into the output terminal VOUT, thereby, 
causing the voltage of the output terminal VOUT to rise. 
[0096] 

When the voltage of the output terminal VOUT rises, 
the sneak current is discharged at the resistors Rl and R2, 

20 and the diodes Dl and D2 . Also, as shown in Fig. 5 (b) , 
the sneak current flows into the p-type transistor P3 as 
well, thus causing the drain current to rise further from 
the rising level caused by the introduction of the power 
supply. Thereafter, as shown in Fig. 5 (a), when the sneak 

25 current is discharged by the resistors Rl and R2, and the 
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diodes Dl and D2 etc. and is reduced, the voltage of the 
output terminal VOUT lowers and then is stabilized. 
Together therewith, as shown in Fig. 5 (b) , the drain 
current of the p-type transistor P3 lowers and then is 
stabilized . 
[0097] 

In such a manner, in the conventional band gap circuit, 
the discharging ability of the resistor and the diode that 
discharge the sneak current that flows into the output 
terminal VOUT is poor, whereby the voltage of the output 
terminal VOUT rises at the time of introducing the power 
supply. Furthermore, as a rule, the resistor and the diode 
are poor in the discharging ability, whereby the resistor 
and the diode can discharge the current only gradually, 
and the stability time by which the voltage of the output 
terminal is stabilized is extended. 

[0098] 

In the band gap circuit of the embodiment 2, when the 
power supply is introduced into the band gap circuit, the 
drain current flows in the p-type transistors P4 and P5 . 
And, the current flows in the output terminal VOUT due to 
the drain current of the p-type transistors P4 and P5 . At 
this time, the gate potential of the n-type transistor N3 
rises due to the voltage fluctuation of the output 
terminal VOUT, thus causing the sneak current, which 
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transitionally flows into the output terminal VOUT, to 
flow in the drain of the n-type transistor N3, and then in 
the ground. For this, as shown in Fig. 7(c), the drain 
current of the n-type transistor N3 steeply rises. 
5 [0099] 

Furthermore, in the band gap circuit of the embodiment 
2, the p-type transistor P5 is connected to the output 
terminal VOUT to configure the low-pass filter together 
with the resistor R2 on the output terminal VOUT side. For 
10 this, the power supply noise is removed in the high- 
frequency region of the power supply voltage VDD with the 
low-pass filter in supplying the current to the output 
terminal VOUT. 
[0100] 

15 When the sneak current, of which the power supply 

noise in the high-frequency region of the power supply 
voltage VDD was removed with the low-pass filter, is 
caused to flow by the n-type transistor N3, as shown in 
Fig. 7(b), the drain current of the p-type transistor P5 

20 is gently stabilized and becomes a constant current 

without rising. Being accompanied thereby, as shown in Fig. 
7 (a) , the voltage of the output terminal VOUT is 
stabilized without rising. 
[0101] 

25 In such a manner, in the band gap circuit of the 
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embodiment 2, the transitional sneak current that flows 
into the output terminal VOUT is caused to flow in the 
ground by the n-type transistor N3, whereby the voltage of 
the output terminal VOUT is stabilized at a constant 
5 voltage without rising at the time of introducing the 

power supply. This allows the stability time by which the 
voltage of the output terminal VOUT is stabilized to be 
curtailed, and the band gap circuit suitable for the high- 
speed operation to be obtained. 

10 [0102] 

Furthermore, in the band gap circuit of the embodiment 
2, the power supply noise in the high-frequency region is 
surely removed with the low-pass filter, whereby the power 
supply noise in the high-frequency region of the power 

15 supply voltage VDD is not included in the sneak current 
that flows into the output terminal VOUT. For this, the 
sneak current can be efficiently removed by means of the 
low-pass filter and the n-type transistor N3, thus 
enabling curtailment of the stability time by which the 

20 voltage of the output terminal VOUT is stabilized all the 
more. Also, the power supply noise in the high-frequency 
region of the power supply voltage VDD is removed with the 
low-pass filter, whereby the voltage can be fetched from 
the output terminal VOUT in a good condition. 

25 [0103] 
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As mentioned above, in the band gap circuit of the 
embodiment 2, the sneak current, which transitionally 
flows into the output terminal VOUT at the time of 
introducing the power supply and of fluctuation thereof, 
5 is caused to flow in the ground immediately by the n-type 
transistor N3 connected to the differential amplifier. 
This allows the sneak current, which occurs due to the 
introduction of the power supply and to the fluctuation 
thereof, to be removed efficiently. 

10 [0104] 

Furthermore, in the band gap circuit of the embodiment 
2, the n-type transistor N3 connected to the differential 
amplifier causes the sneak current, which transitionally 
flows into the output terminal VOUT at the time of 

15 introducing the power supply and of fluctuation thereof, 
to flow in the ground efficiently, whereby the stability 
time by which the voltage of the output terminal VOUT is 
stabilized can be curtailed. This allows the band gap 
circuit suitable for the high-speed operation to be 

20 configured, and the band gap circuit having a short 
stability time and a high PSRR to be realized. 
[0105] 

Furthermore, also, in the band gap circuit of the 
embodiment 2, by deciding the dimension of the n-type 
25 transistor N3, the offset voltage of the differential 
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amplifier can be easily eliminated. For this, the offset 
voltage of the differential amplifier can be easily 
eliminated to easily operate the differential amplifier in 
a good condition- This allows the band gap circuit, which 
5 has a short stability time and a high PSRR, and yet 
outputs the output voltage with high precision, to be 
realized easily. 
[0106] 

And, in the band gap circuit of the embodiment 2, the 
10 n-type transistor N3 can be connected to the differential 
amplifier to remove the sneak current efficiently and 
easily without increasing the number of the element for 
removing the sneak current. For this, it becomes possible 
to efficiently and easily remove the current that sneaks 
15 into the output terminal VOUT, and to employ the low- 
voltage power supply for driving at a high speed. 
[0107] 

Also, furthermore, in the band gap circuit of the 
embodiment 2, the low-pass filter can be configured of the 

20 p-type transistor P5 and the resistor R2 of the output 

terminal VOUT side. For this, the low-pass filter allows 
the power supply noise in the high-frequency region of the 
power supply voltage VDD to be surely removed, and the 
PSRR to be raised for improving it all the more. This 

25 allows the band gap circuit suitable for the high-speed 
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operation to be configured, and the band gap circuit 
having a short stability time and a high PSRR to be 
realized. 
[0108] 

5 [EFFECTS OF THE INVENTION] 

In accordance with the present invention, the band gap 
circuit can be provided in which the excess current that 
transitionally sneaks into the circuit output terminal can 
be efficiently removed, and the PSRR is enhanced, and the 
10 stability time of the voltage at the circuit output 
terminal can be curtailed. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is a circuit diagram illustrating one 
15 configuration example of the band gap circuit in the 
embodiment 1 of the present invention. 
[Fig. 2] 

Fig. 2 is a circuit diagram illustrating one 
configuration example of the reference voltage generator 
20 in the embodiment 2 of the present invention. 
[Fig. 3] 

Fig. 3 is one example of the characteristic view 
illustrating the current /voltage characteristic of the p- 
type transistor of the band gap circuit in the embodiment 
25 2 of the present invention. 
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[Fig. 4] 

Fig. 4 is one example of the characteristic view 
illustrating the comparison result of the PSRR relative to 
the frequency between the band gap circuit in the 
5 embodiments of the present invention and the conventional 
band gap circuit. 
[Fig. 5] 

Fig. 5 is one example of the characteristic view 
illustrating the power supply voltage dependency 
10 associated with the conventional band gap circuit. 
[Fig. 6] 

Fig. 6 is one example of the characteristic view 
illustrating the power supply voltage dependency of the 
band gap circuit in the embodiment 1 of the present 
15 invention. 
[Fig. 7] 

Fig. 7 is one example of the characteristic view 
illustrating the power supply voltage dependency of the 
band gap circuit in the embodiment 2 of the present 
20 invention. 
[Fig. 8] 

Fig. 8 is a circuit diagram illustrating one 
configuration example of the conventional current-mirror 
band gap circuit. 
25 [Fig. 9] 
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Fig. 9 is one example of the characteristic view 
illustrating the power supply voltage dependency in the 
conventional current-mirror band gap circuit. 
[Fig. 10] 

5 Fig. 10 is a circuit diagram illustrating one 

configuration example of the conventional differential 
band gap circuit. 
[Fig. 11] 

Fig. 11 is one example of the characteristic view 
10 illustrating the power supply voltage dependency in the 
conventional differential band gap circuit. 
[DESCRIPTION OF NUMERALS] 

20 & 20a constant current sources 

21 direct-current power supply 




[DOCUMENT NAME] ABSTRACT 
[ABSTRACT] 

[PROBLEMS TO BE SOLVED] 

An object is to provide a band gap circuit that 
5 efficiently can remove the excess current that 

transitionally sneaks into a circuit output terminal, 
enhances a PSRR, and can curtail a stability time of a 
voltage at the circuit output terminal. 
[MEANS TO SOLVE THE PROBLEMS] 

10 In a band gap circuit relating to the present 

invention that comprises a differential amplifier, a 
potential difference occurs at an inverting input terminal 
and a noninverting input terminal responding to 
fluctuation of the voltage of an output terminal VOUT . And, 

15 an n-type transistor N3, which is connected to the output 
terminal VOUT and the ground and is directly connected to 
an output terminal of the differential amplifier, causes 
the excess- current of the output terminal VOUT to flow in 
the ground responding to fluctuation of the potential at 

20 the output terminal of the differential amplifier. 

Furthermore, the band gap circuit relating to the present 
invention comprises: a p-type transistor P5 that has a 
resistive component to be connected to a power supply 
voltage VDD and the output terminal VOUT and is cascaded; 

25 and a resistor R2 having a capacitive component. 
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